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ABSTRACT 24 
Objective: To evaluate the influence of osteoarthritis on the measurement of patella 25 
tendon angle (PTA) and determine intra- and inter-observer variability. 26 
 27 
Study Design: Retrospective clinical study. 28 
 29 
Sample Population: 87 medio-lateral radiographs obtained prior to tibial tuberosity 30 
advancement. 31 
 32 
Methods: Radiographic osteoarthritis was scored by two observers, using guidelines 33 
derived from the International Elbow Working Group Protocol.  PTA was measured by 3 34 
observers on three occasions, with at least seven days between measurements. The data 35 
was statistically analysed via Weighted Kappa and Kruskal-Wallis testing. 36 
 37 
Results: A fair strength of agreement was found between observers scoring osteoarthritis, 38 
with the same grades in 48% of radiographs.  The intra-observer average bias between 39 
PTA measurements 1 and 3 ranged from -0.38 to -0.94.  Inter-observer bias in angle 40 
measurement ranged from -0.92 to -2.00.  Observer 1 had the narrowest range of PTA 41 
differences (12.1°), and observer 3 the highest (23.5°).  Observer 2 had the lowest mean 42 
bias (-0.38°).  The mean bias was lowest between observers 1 & 2 (-0.92°) and highest 43 
between 1 & 3 (-2.0°).  The mean intra-observer standard deviation of the PTA 44 
measurement differences was 2.90 and inter-observer was 2.26.  The degree of 45 
osteoarthritis did not influence PTA measurements, nor their variability. 46 
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 47 
Conclusion: The current study did not find evidence of an influence of osteoarthritis on 48 
PTA, nor the repeatability of measurements. 49 
 50 
Clinical Significance: Our findings suggest that osteoarthritis should not affect the 51 
radiographic planning for TTA surgery.  The high variances in PTA measurement in less 52 
experienced observers may influence the clinical outcome of surgery.53 
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INTRODUCTION 54 
Cranial cruciate ligament disease is one of the most common causes of hindlimb 55 
lameness in dogs.1  Surgical stabilisation of the stifle is recommended over conservative 56 
management due to improved outcomes, especially in larger breed dogs.2–4  The tibial 57 
tuberosity advancement (TTA) technique aims to position the patellar ligament 58 
perpendicular to the tibial plateau by advancing the tibial tuberosity cranially.5  The 59 
benefit of this advancement is that it theoretically reduces the tibiofemoral shear force to 60 
zero.  As a consequence, the need for a functional cranial cruciate ligament is 61 
eliminated.6   62 
 63 
Biomechanical studies have shown that neutralisation of tibiofemoral shear forces occurs 64 
at a PTA of 90.3  9.0.7  In contrast to tibial plateau levelling osteotomy (TPLO), TTA 65 
has been shown to avoid alteration to the alignment of the femorotibial-articulating 66 
surfaces.  TTA has also been shown to restore femorotibial contact mechanics to normal 67 
after surgery in-vitro.8–10  In-vivo studies have shown a high proportion of persistent 68 
tibial subluxation postoperatively, but most dogs returned to good limb function.11  69 
Objective studies have documented a return of approximately 90% of normal function 70 
after TTA.12   71 
 72 
However, TTA has also been shown to have a significantly higher rate of major 73 
complications and subsequent meniscal tears when compared to TPLO or the Tight Rope 74 
procedure (a modification of the lateral fabellotibial suture technique).13  A study 75 
comparing TTA to the TPLO and lateral fabellotibial suture extracapsular repair (ECR) 76 
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techniques found a lower degree of early postoperative lameness in the TTA group.14  77 
TTA and TPLO groups achieved normal function at the walk, but TPLO attained this 78 
earlier.  Overall, the TPLO group was the only technique to achieve normal function at 79 
the trot.14 80 
 81 
Preoperative planning is crucial to the TTA procedure with the requirement to assess 82 
medio-lateral radiographs of the stifle in extension at 135°.  It is from these radiographs 83 
that the patellar tendon angle (PTA) is calculated.  There are two main methods of 84 
measuring the PTA; (i); the conventional tibial plateau method; and (ii); the common 85 
tangent method.   86 
 87 
The conventional tibial plateau method calculates the angle between a line representing 88 
the cranial border of the patellar ligament and a line passing through both the origins of 89 
the cranial and caudal cruciate ligaments known as the tibial plateau.  The amount of 90 
tibial tuberosity advancement required to bring the patella perpendicular to the tibial 91 
plateau can then be calculated.5    92 
 93 
The common tangent method defines the tibiofemoral contact point by drawing circles 94 
that correspond to the articular surfaces of both the femoral condyles and tibial plateau.  95 
A first line is drawn between the centres of these circles and a second line is then drawn 96 
perpendicular to that first line within the tibiofemoral joint space.  The second line 97 
represents the common tangent and the PTA is calculated between the common tangent 98 
and a line representing the cranial border of the patella tendon.1,15    99 
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 100 
Studies have conflicting information regarding the most valuable measurement method.  101 
The conventional method was seen to be more reliable with better intra-observer and 102 
inter-observer reliability in a study by Millet et al.16  There was also poor agreement 103 
between methods.  The common tangent method was seen to be below anatomical 104 
measurement whereas the conventional method was found to be above anatomical 105 
measurement in a study by Bismuth et. al, giving an overall poor validity of both 106 
methods.15  More variation was discovered with the conventional method in a study by 107 
Hoffman et al.17  Additionally, the common tangent method was seen to be less 108 
influenced by the stifle angle.  At our institution, the standard method for measurement of 109 
the PTA was the conventional method. 110 
 111 
To the authors’ knowledge there are few studies documenting the intra and inter-observer 112 
variation in tibial tuberosity advancement surgical planning.  Previous studies looked at 113 
the accuracy of measurement of the tibial plateau angle for TPLO surgery within and 114 
between observers.  These documented intra-observer variability of 3.4° and inter-115 
observer variability of  4.8°.18  Another study looked at the standard deviation of mean 116 
measurements and discovered an intra-observer variability of 1.5° and inter-observer 117 
variability of 0.8°.19  We therefore hypothesized that there would be variation between 118 
measurements of the PTA both between and within observers of different experience 119 
levels and our aim was to define this level. 120 
 121 
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The amount of osteoarthritis at the caudal aspect of the tibial plateau has been found to 122 
correlate with the variation in defining the tibial plateau, affecting the planning of tibial 123 
plateau levelling osteotomies.19  We therefore hypothesized that there would be 124 
significant, quantifiable variation between measurements of the patellar tendon angle 125 
both between and within observers of different experience levels. 126 
 127 
Therefore, the objectives of our study were to: (i) evaluate the effect of the degree of 128 
osteoarthritis on the measurement of the PTA in dogs and (ii) determine the intra-129 
observer and inter-observer variability of measurement of the PTA between observers of 130 
differing experience levels.131 
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MATERIALS AND METHODS 132 
Ethical approval for the study was granted from the institution’s Research Ethics 133 
Committee prior to commencement.  Pre-operative medio-lateral radiographs that were 134 
taken at the referral institution between 2008-2014 for TTA surgical planning were 135 
accessed from the institution’s PACS database and viewed using DICOM viewing 136 
software (Clear Canvas, Synaptive Medical, Toronto, Canada).  The radiographs were 137 
scrutinised and images which met the following inclusion criteria were kept within the 138 
study: standing stifle angle of 135° ±5° (measured via the anatomic axis method); 139 
radiograph centred on the stifle joint; and femoral condyles non-superimposed by 140 
<2mm.20  Eighty-seven radiographs in total were selected, after a power calculation was 141 
performed to detect a 5-degree difference in angles; a standard deviation of 6-degrees; 142 
and a power of 80%. 143 
 144 
The radiographic images were first assessed by a diplomate of the European College of 145 
Veterinary Diagnostic Imaging (Observer A) and a first-year diagnostic imaging resident 146 
(Observer B).  Each radiograph was given an osteoarthritis score.  The osteophytes were 147 
measured on the medio-lateral radiographs at the distal pole of the patella; femoral 148 
trochlear ridges; insertion of the cranial cruciate ligament; cranial and caudal aspects of 149 
the tibial plateau; and the fabellae. The overall degree of osteoarthritis was graded using a 150 
modified International Elbow Working Group Protocol (0 = normal - no evidence of 151 
osteophytes; 1 = mild - osteophytes of less than 2mm; 2 = moderate - osteophytes 2-152 
5mm; and 3 = severe - osteophytes >5mm).1,21  The observers scoring the osteoarthritis 153 
were unaware of the PTA measurements.   154 
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 155 
The radiographs were then assessed by three different observers (senior surgery clinician 156 
with a Fellowship of the Australian and New Zealand College of Veterinary Scientists 157 
[Observer 1], surgical intern [Observer 2] & first-year diagnostic imaging resident 158 
[Observer 3]).  PTA was measured via the conventional tibial plateau method, on three 159 
occasions, with at least 7 days between repeated measurements (Figure 1).  These 160 
observers were masked to the osteoarthritis score given for each radiograph, and although 161 
an impression of the degree of osteoarthritis could be estimated from viewing the 162 
radiographs, the observers made no attempt to measure or quantify this finding. 163 
 164 
Data was analyzed with commercially available statistical software (Minitab, MiniTab 165 
Incorporated, Coventry, United Kingdom; STATA SE 12.1, College Station, TX).  The 166 
osteoarthritis scores were analysed and total values for each score were calculated.  167 
Percentage agreement between observers was determined.  A weighted Kappa was 168 
performed via the construction of a two-way table.  K-values were interpreted via the 169 
parameters documented by Landis & Koch.22 170 
 171 
Analysis of the first and third PTA observations was then performed to compare the two 172 
observations furthest apart in time.  Means, standard deviations and 95% confidence 173 
intervals (CI) between the PTA recorded on measurements 1 and 3 were calculated for 174 
each observer and between different observers.  Intra- and inter-observer agreement 175 
between repeated independent readings was determined via the use of Bland-Altman 176 
plots.  The differences between each observer’s mean PTA measurement of 1 and 3 was 177 
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plotted against the mean of the measurements.  Plots were then analysed within and 178 
between the observers. 179 
 180 
Kruskal-Wallis tests were then performed comparing the mean of the measurements of 1 181 
and 3 and the difference between the two measurements.  The aim was to identify if 182 
radiographs with higher osteoarthritis scores had different PTA and if higher 183 
osteoarthritis scores had any influence on the repeatability of the PTA angle measurement 184 
respectively.  P-values <0.05 were considered significant.185 
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RESULTS 186 
A total of 42 of the 87 radiographs were given the same osteoarthritis score by both 187 
observers, giving a percentage agreement of 48%.  A total of 39 scores had a difference 188 
of 1-point between them (45%) and a total of six had a difference of 2-points between the 189 
observers (7%).  Observer B tended to grade more radiographs as grade 0 or 3 compared 190 
to Observer A, who scored the majority at grade 2.  Observer A was the most experienced 191 
of the observers and graded only one radiograph as grade 0 (no osteoarthritis signs).  By 192 
contrast, observer B, the least experienced observer, graded 10 radiographs as 0 (Table 193 
1).  A weighted Kappa was performed on the results to account for agreement occurring 194 
by chance.  The K value was calculated at 0.2689.  Interpreting this value with reference 195 
to the ranges put forth by Landis & Koch, the strength of agreement between observers 196 
was fair (0.21  K  0.4).22 197 
 198 
The average difference (or bias) between measurement one and measurement three was 199 
calculated for each observer: Observer 1: -0.74; Observer 2: -0.38; and Observer 3: -200 
0.94.  Standard deviation from the mean bias within observers ranged from 2.13 in 201 
observer 1, to 3.76 in observer 3, with an overall average of 2.90 (Table 2).   202 
 203 
The mean PTA for each observer was obtained from measurement 1 & 3 and was used to 204 
calculate the difference in measurements between the observers.  Observer 1 and 205 
Observer 2 produced a mean difference of -0.92; Observer 2; and Observer 3 = -1.08, 206 
Observer 1 and Observer 3 = -2.00.  Standard deviation from the mean bias between 207 
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observers ranged from 1.82 between observers 1 and 2, to 2.65 between observers 2 & 208 
3, with an overall average of 2.26 (Table 3). 209 
 210 
Considering Bland Altman plots for each observer (Figure 2-7), the most experienced 211 
observer (Observer 1) had the lowest intra-observer variation of 12.1 and the lowest 212 
single difference of 5.2.  Observer 2 had a highest single difference between 213 
measurement 1 & 3 PTA of 11.4°.  Observer 3 had the highest range of differences at 214 
23.5 and the highest single difference of 14.6°. 215 
 216 
A Kruskal-Wallis test of each observer’s mean PTA compared to the osteoarthritis score 217 
resulted in P-values ranging from 0.224 – 0.511.  A second Kruskal-Wallis test on the 218 
difference between PTA measurements and the osteoarthritis score resulted in P-values 219 
ranging from 0.108 – 0.752.220 
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DISCUSSION 221 
Kruskal-Wallis testing resulted in non-significant P-values when looking at each 222 
observer’s mean PTA of measurements 1 & 3 compared to the osteoarthritis scores given.  223 
Therefore, we can conclude that there was no evidence of a difference in the PTA 224 
calculated with regards to the degree of osteoarthritis present.  In other words, all PTAs 225 
measured were around the same value, regardless of the osteoarthritis score.  Kruskal-226 
Wallis testing also resulted in non-significant P-values when looking at the difference 227 
between each observer’s PTA measurements 1 & 3 compared to the osteoarthritis scores.  228 
Therefore, we can also conclude that there was no evidence that the osteoarthritis score 229 
affected the repeatability of the PTA calculated from the radiographs. 230 
 231 
The standard deviation of the mean PTA was similar between and within all three 232 
observers.  All observers were therefore calculating angles which were within a similar 233 
range.   The mean intra-observer standard deviation of the PTA measurement differences 234 
was 2.90.  The mean inter-observer standard deviation of the PTA measurement 235 
differences was 2.26.  Therefore, there was similar intra- and inter-observer deviation.  236 
These figures are higher than a similar study which documented standard deviation of 237 
tibial plateau angle measurements for TPLO surgery of 1.5 for intra-observer and 0.8 238 
inter-observer.19  That study included board certified surgeons, surgical residents and 239 
radiology residents.  Experience levels were similar, although the surgical resident would 240 
have had more experience of making the measurements than the surgical intern in our 241 
study.  They also included a total of eleven observers compared to our three, which may 242 
explain the observed differences. 243 
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 244 
Pre-surgical planning is an important aspect of the safe and accurate performance of the 245 
TTA procedure.  Our study highlights the differences in angles calculated, both within 246 
and between observers of differing experience levels and speciality.  Observer 1, the most 247 
experienced, demonstrated the smallest range of values and lowest standard deviation of 248 
bias.  With experience, observers can more reliably and repeatedly depict the correct 249 
points on radiographs to measure the PTA.  Observer 2 and Observer 3 had higher 250 
differences between angles measured, with 11.4 and 14.6 respectively.   251 
 252 
The inter-observer variability analysis also revealed a higher range of values from the 253 
mean values when comparing the less experienced observers.  These less experienced 254 
observers may have been more likely to make errors during the measurement process, 255 
which may have detrimental consequences for the surgical procedure and may have 256 
influenced our results.  The variances in the PTA (5.2 to 14.6°) calculated pre-257 
operatively are higher than expected and highlights the inconsistency and inaccuracy of 258 
the measurement process.  The variance documented is likely to have consequences on 259 
the post-operative PTA, which may limit the clinical outcome of the procedure. 260 
 261 
Observer 3 had the highest mean bias and highest standard deviation of bias.  As a first-262 
year diagnostic imaging resident, this observer would have had less clinical experience of 263 
the surgical planning technique for TTA surgery.  It would be interesting to assess the 264 
change in mean bias as experience is gained over the measurement process.  It has been 265 
documented that for the TTA procedure there was a learning curve of 22 procedures to 266 
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gain clinical surgical competency.  With the pre-surgical planning having a high 267 
influence on the final outcome, measurement of PTA may improve with experience as 268 
well.23 269 
 270 
It was interesting to note the variance of osteoarthritic scores calculated for the two 271 
osteoarthritis observers.  It can be postulated that with higher experience levels, an 272 
observer can depict a more subtle degree of osteoarthritic changes on radiographs.  273 
Overall agreement between observers’ measurements was fair when analysed by a 274 
weighted Kappa, which is lower than expected.   275 
 276 
A limitation of our study was the lack of reproducibility of the osteoarthritis scores 277 
between observers, which highlights the complications of such a scoring system.  When 278 
the osteophytes are on the borderline of intermediate grades, this is of the highest 279 
significance, where a very mild variation of measurement could lead to a different grade.  280 
Our results may have been different with a more reproducible or detailed osteoarthritis 281 
scoring system.  In addition, we only performed the osteoarthritis scoring on a single 282 
occasion with each observer.  It would be worthwhile to look at repeated scoring, to see if 283 
this influences the results.  Future research could investigate how the PTA measured 284 
affected the surgical planning and implant sizes chosen for the procedure to determine 285 
clinical relevance.  Additionally, the common tangent method could be analysed in a 286 
similar manner to compare the degree of variation to the conventional method used in this 287 
study. Finally, this study only took into account the effect of a single variable - the mean 288 
osteoarthritis score - on the measurement of the PTA obtained.  There could potentially 289 
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be several factors with an influence on the angle calculated, such as breed, conformation 290 
and radiographic positioning. 291 
 292 
In conclusion, our study showed evidence of a variation in both the osteoarthritis score 293 
and PTA measured by different observers.  There was no statistically significant evidence 294 
to show that a difference in angle or its repeatability correlated with the increase in 295 
osteoarthritis score.  Overall the degree of osteoarthritis did not appear to affect the 296 
variability of the PTA measured.  Our findings suggest that osteoarthritis should not 297 
affect the radiographic planning of PTA measurement for TTA surgery.  The high 298 
variances in PTA measurement between observers, especially in those less experienced, 299 
may influence the clinical outcome of surgery.  Further clinical studies are required to 300 
investigate this.   301 
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FIGURE LEGENDS 397 
Figure 1: Measurement of the patellar tendon angle via the conventional tibial plateau 398 
method.  Line A corresponds to the tibial plateau (a line passing through both the origins 399 
of the cranial and caudal cruciate ligaments) and line B represents the cranial margin of 400 
the patellar ligament.  The angle between these lines (PTA) is the patellar tendon angle. 401 
 402 
Figures 2-4: Bland-Altman plots displaying the intra-observer variation of PTA between 403 
measurements 1&3.  The mean of the two measurements is on the X-axis and the 404 
difference between the two measurements is on the Y-axis. 405 
 406 
Figures 5-7: Bland-Altman plots displaying the inter-observer variation of the mean PTA 407 
of measurements 1&3.  The mean of the measurements between observers is on the X-408 
axis and the difference of the mean between the observers is on the Y-axis.409 
EFFECT OF OSTEOARTHRITIS ON THE REPEATABILITY OF PATELLA TENDON ANGLE 
TABLES 410 
Table 1: The osteoarthritis (OA) scores of Observer A compared to Observer B. 411 
Observer B 
OA SCORE 
 Observer A 
OA SCORE 
 0 1 2 3 
0 1 3 6 0 
1 0 6 15 0 
2 0 9 34 2 
3 0 0 10 1 
412 
EFFECT OF OSTEOARTHRITIS ON THE REPEATABILITY OF PATELLA TENDON ANGLE 
Table 2: Intra-observer agreement for patellar tendon angle measurements based on mean 413 
PTA, range of and total differences, 95% limits and mean bias. 414 
 
Observer 
Mean PTA  
Standard 
Deviation () 
Range of 
difference () 
Total range 
of difference 
() 
95% Limits 
agreement 
() 
Mean Bias () 
 Standard 
Deviation () 
1 102.75   5.29 -6.9 – 5.2 12.1 -4.92; 3.44 -0.74  2.13 
2 103.58   5.43 -6.7 – 11.4 18.1 -5.88; 5.11 -0.38  2.80 
3 104.74   5.53 -14.6 – 8.9 23.5 -8.31; 6.43 -0.94  3.76 
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EFFECT OF OSTEOARTHRITIS ON THE REPEATABILITY OF PATELLA TENDON ANGLE 
Table 3: Inter-observer agreement for patellar tendon angle measurements based on mean 416 
PTA, range of and total differences, 95% limits and mean bias. 417 
 
Observer 
Mean PTA  
Standard 
Deviation () 
Range of 
difference () 
Total range 
of difference 
() 
95% Limits 
agreement 
() 
Mean Bias () 
 Standard 
Deviation () 
1 vs 2 103.06   5.31 -5.5 – 5.4 10.9 -4.48; 2.65 -0.92  1.82 
2 vs 3 104.06  5.20 -8.6 – 6.2 14.8 -6.27; 4.11 -1.08  2.65 
1 vs 3 103.60   5.16 -7.5 – 4.9 12.4 -6.52; 2.52 -2.00  2.31 
 418 
